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To: ,p. R. Chapman 

FROM x C. E. Polaon 
F i 

me attached i a  In response t o  your request  for a proposed method of 
storing f i l t e r  cake from 1 R & F / A / ~ ~ ~ Y  le9w'n-+7~3_ 

It Is suggested that we look a t  the  dumping af severa l  truck loads of 
f i lter cake on to a small bed of coal  ash on some selected high ground 
to  &ve us an Idea of poS8lble pmblerns. 
s t a r t  more detailed engineering and proceed w i t h  Briggs' slightly 
larger scale tes t  and then t o  f u l l  scale.  

S e v e m l  teat obaervationa are i n  f a v o r  of the workability of this method 
0% storage: 

Following this, we could 

1) The water in the f i l t e r  cake sisss to the surface. 

2) The fi lter cake has a high a n g l e  of repose and does 
n o t  slump. 

I 3 )  Shrinkage of t 

4 )  lriater added t o  a d r y  2aXe did not  r e s u l t  in appreciable 
swelling or dec-pitation. The shrinkage is irrevessible.  

Lsaching s t u d i e s  on dried cake wou':d be 7lquired to determine t h e  mcs; 
e f f e c t i v e  mean8 of' control. However, this is not believed t o  be a big 
problstn. 

. . .  .. .. . 
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C i n c i n n a t i ,  O h i o  4 5 2 3 9  

A p r i l  3 ,  1974 

SUDJ'ECT ABOVE-GRADE STORAGE 0 2  F I L T E R E D  LLXE-NEUTRALIZED RAFFINATES 

TO J. H. C a v e n d i s h  

FZUN G .  G .  a r i g g s  

PROBLEM 

A t  p r e s e n t ,  p l a n s  a r e  p r o c e e d i n g  t o  nake s p a c e  a v a i l a b l e  
in P i t  5 f o r  s t o r a g e  o f  t h e  f i l t e r  cake v h i c h  w i l l  be 
g e n e r a t e d  i n  the n e x t  p e a r  and a h a l f  from lime n e u t r a l -  
ization o f  r a f f i n a t e s  d e r i v e d  from t h e  completion o f  the  
o r e  c o n c e n t r a t e  r e f i n i n g  campaign. P i t  5 s l u d g e  i s  t o  
b e  r e t u r n e d  t o  P l a n t  8 a n d  f i l t e r e d  o n  a r o t a r y  vacuum 
f i l t e r .  The wet f i l t e r  cake f r o n  t h i s  f i l t r a t i o n  w o u l d  
b e  r e t u r n e d  i n t o  P i t  5 and the f i l t r a t e . w o u l d  be s e a t  
d i r e c t l y  t o  t h e  M a m i  R i v e r .  A s  soon as p o s s i b l e  a f t e r  
t h e  s t a r t u p  o f  Pit 5 s l u d g e  f i l t r a t i o n ,  the wet f i l t e r  
c a k e  produced by f i l t r a t i o r  o f  c u r r e n t l y  generated aeu- 
t r a l i z e d  r a f f i n a t e  would a l s o  be dumped I n t o  P i t  5 .  I t  
I s  p r e s e n t l y  b e i n g  dumped i n t o  Pit 3 which is almost f u l l .  
It h a e  been e s t i m a t e d  t h a t  t h e  a d d i t i o n a l  s t o r a g e  volume 
r e q u i r e d  a f t e r  Pit 3 i s  filled w i l l  be about t w o  m i l l i o ~  
g a l l o n 6  or 2 6 7 , 0 0 0  c u b i c  f e e t .  

There are s e v e r a l  u n d e s i r a b l e  o r  p o t e n t i a l l y  troublesome 
f e a t u r e s  i n  t h i s  g e n e r a l  scheme. A r e l a t i v e l y  t h i c k  
s l u r r y  has t o  be pumped fraa P i t  5 t o  Plant 8 .  The s o l i d s  
content o f  the pumped s l u r r y  is much h i g h e r  t h a n  t h a t  o f  
& h e  s l u r r y  which was o r i g i n a l l y  pumped t o  the P i t .  It  
has  not  y e t  been shown t h a t  e x i s t i n g  c e n t r i f u g a l  pumps 
w i l l  handle  the s l u r r y .  C i f f i c u l t i e s  have been i n d i c a t e d  
w i t h  the f a i l u r e  o f  two c e o t r i f u g a l  pumps (one a t  t h e  p i c  
and a e m a l l e r  one a t  P l a n t  3 )  t o  move some of  t h e  under- 
lying e l u d g e .  ( I  s u s p e c t  that a g e l a t i n o u s  l a y e r  b u i l d s  
u p  on the I m p e l l e r  o r  volute t o  choke o f f  the f l o w . )  A 
diaphragm pump w i l l  c e r t a i n l y  pump t h e  m a t e r i a l ,  but i t  
may have t o  be purchased.  Tho- worst  problem i s  d e v i s i n g  
a low-cost  method o f  r e t u r n i n g  f i l t e r  cake back into t h e  
p i t .  Another poor f e a t u r e  is that the returned volume o f  
f i l t e r  c a k e  w i l l  be a t  l s a s t  4 0 %  o f  t h e  volume o f  t h e  
pumped P i t  5 s l u J g e . - - O n l y  l i q u i d  w o u l d  be removed from 
P i t  5 a n d  t h e  r e t u r n e d  f i l t e r  cake s t i ~ l ~ ~ ~ - a s - a - v ~ r y - . ~ ~ g ~  
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p e r c z a c a g e  o f  t h : i s  ! - i q ? . ' i d .  Another f a c t o r  t h a t  should not 
b e  s e g l o , c t e d  i s  : h a t ,  d u r i n g  rhe t i x e  period t h a t  P i t  5 
slurry i s  b e i n g  :~un>ed to P l a n t :  8 f o r  f i l t r a t i o n ,  a quan- 
t i t y  of rain v i l : i  iail on ;he p i t  and a c e r t a i n  amount of 
water w i l l  b e  l o s t  b y  evaporacion. If the P i t  5 s l u r r y  
r s n o v a l  e x t e n d s  nver t h e  ?.rint:?r m o n t h s ,  t h e r e  w i l l  b e  a 
n e t  g a i n  o f  Yate:: which will u n a v o i 2 a b l y  b e  pumped o f f  
w i t h  the  s l u d g z ,  t h e r : ? b y  i n c r e a s i n g  the t o t a l  s l u r r y  
pumping a n d  f i i t r a t i o c  load. During the summer months, 
e v a p o r a t i o n  w f l l  prcjba31-y z x c e e d  t h e  r a i n f a l l  s o  t h a t  
l e s s  t o t a l  pumpiiig a n d  f i l t r a t i o n  is n e c e s s a r y .  A f t e r  
s u - f f i c i e n t  p i t  volume i s  nade a v a i l a b l e  f o r  f u t u r e  neu- 
t r a l i z e d  raffinaze f i l t e r  cake, t h e  s e t  g a i n  of w a t e r  from 
rainfall should ;10 l o n g e r  b.e 3 problem, s i n c e  i t  then c a n  
b e  a l l o w e d  co b u i l d  ap a s  a s - i p e r n a t e  on t o p  o f  t h e  s e t t l e 3  
solids u n t i l  i t  o v e r f l o w s  the c l e a r w e l l  or i s  siphoned 

. .  away. 

ALTEXNATIVE S O L U T I O 3  : ABOVE-GRADE STOR-4GE OF F I L T E Z  C P . K S  - 
I t  is proposed t o  store the e s t i m a t e d  volume o f  267,OOC 
c u b i c  f e e t  o f  f u t u r e  f i l t e r  cJ!ce on a prepared, r a l s e i ,  
a r e a  of ground, the s u r f a c e  o f  whtch v o a l d  l i e  w e l l  abcve 
t h e  s u b - s u - f a c e  -Jater t a b l e .  A p e z i n s u l a r  a r e a  would be 
formed by b u l l d o z i n g  e a r t h  :tom around che a r e a  towards 
t h e  c e n t e r  s o  t h a t  t h e  s t o r a s 2  p l o t  w o u i d  be r a i s e d  a t  
l e a s t  tvo f e e t  above grade a n d  ditrced s l i g h t l y  ( s e e  s k e t c h  
o f  F i g u r e  1). The o b j e c t i v e  i s  t o  produco a w e l l  drair-ed,  
fir=, s t o r a g e  arsa and r e i s c d  roacvay upon which loadec. . 
t r u c k s  can t r a v e l  i n  t h e  wet season o f  the  y e a r .  A f t e i  
compacting t h e  e a r t h  o n  the raised a r e a ,  a l a y e r  of coz.1 
a s h  a t  least one foot deep i s  l n i d  down t o  a i d  i n  s u r f a c e  
drainage a n d  produce a s u r f a c e  ;.hich is n o t  nuddy In wet 
weather.  

. T h e  f i l t e r  c a k e  from Plant S w o u l d  3e  dumped o n  t h i s  a r e a  
with care b e i n g  taken t o  d e p o s i t  t h 2  m a t e r i a l  unlformlj .  
i n  depth and a s  compaczly as p o s s i o i e .  If t h e  dumping 
a r e a  i s  one a c r e ,  2 6 7 , 0 0 0  c u t i c  f e e t  o f  wet f i l t e r  cake 
would a v e r a g e  6 . 1  f e e t  in d e p t h .  As the m a t e r i a l  even-. 

o f  a p p r o x i m a t e l y  2 . 5  f e e t .  I t  i s  v i s u a l i z e d  t h a t  t h e  
t u a l l y  d r i e s  out,. i t - w o u l d  s h r i n k  I n  depth--to-a-mlnimun . ---. 
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p a r t i a l l y  d r i e d  f i l t e r  cake w o u l d  e v e n t u a l l y  be graded,  
and cornposited t o  form a sloping done. Then i t  would be 
w a t e r p r o o f e d  b y  a p p l y i n g  a t h i u  a s p h a l t i c  l a y e r .  T h i s ,  
in t u r n ,  ' . iould b e  covered w i t h  a layer o f  t o p s o i l  and 
p l a n t e d  w S t h  g r a s s .  

WHY ABOVE-GROUND STORAGE AS OPPOSED TO P I T  STORAGE? 

1. The moat Important reason f o r  propoeing abova- 
ground s t o r a g e  is t o  prevent  i n f l u x  o f  ground 
w a t e r  i n t o  t h e  s t o r e d  f u t e r  c a k e  s i n c e  i t  is 
hoped t o  d r y  the m a t e r i a l  to t h e  g r e a t e s t  e x t e n t  
p o e s i b l e .  W i  t h  above-grade s c o r a g e  t h e  only 
o i g n i f l c a n t  water i n p u t  which m u s t  be  contended 
v i t h  v o u l d  b e  t h a t  from p r e c i p i t a t i o n .  

2 .  P l a c i n g  t h e  m a t e r i a l  above-grade minimizes the 
amount of o a r t h  movement n e c e s s a r y  t o  s t o r e  a 
given volume o f  waste provided t h e  w a s t e  m a t e r i a l  
i s  p i l e d  t o  a moderate depth.  I n  the proposed 
c a s e ,  the r a t i o  betveen volume o f  e a r t h  moved t o  
i n i t i a l  volume o f  wet cake s t o r e d  le about 2 .  
T h i s  i s  b a s e d  on b u i l d i n g  a b a s e  t w o  f e e t  thick 
above grade,  s t o r i n g  a 6 - f o o t  d e p t h  o f  t h e  cak.e, 
and p l a c i n g  about one foot o f  e a r t h  on t o p .  If 
viewed on the b a e i e  o f  the r a t i o  o f  volume o f  
e a r t h  moved t o  v e i g h t  o f  dry s o l i d s  i n  t h e  s t o r e d  
m a t e r i a l ,  t h e  above-grade s t o r a g e  i r  f a r  more 
f a v o r a b l e  than t h a t  f o r  Pit 5 .  T h i s  i s  due, o f  
courae,  t o  the much h i g h e r  s o l i d s  c o n t e n t  of  t h e  
filtar c a k e  i n  comparison w i t h  t h e  dilute s l u r r y  
i n  Pit 9.  

3.  -Since t h e  proposed s t o r a g e  o f  f i l t e r  cake I s  
above grade,  I s e e  no reason for i n s t a l l a t i o n  o f  
au impermeable base such a8 c l a y  o r  rubber 
s h e e t i n g .  The f i l t e r  cake i n  t ime w i l l  be re-  
duced in water  content t o  a point a t  which i t  
w i l l  n o t  l e a k  e l g n i f i c a n t  amounts o f  water  into 
t h e  ground. As w i l l  be d i s c u s s e d  l a t e r ,  it i o  
a1 so e r p  e c  t ed-'tha t r ai3 f a l l '  w i 11- -no t b e-a -si-gai.- - 
f i c a n t  c a u s e  o f  l e a c h i n g .  If t h e r e  is some 
concern about p o s s i b l e  l e a c h i n g  o f  r e a d i l y  s o l u -  
b l e  c o n s t i t u e n t s  such a b  n i t r a t e  from the f i l t e r  
c a k e ,  t h i s  can be p r a c t i c a l l y  e l i m i n a t e d  by 
i n c o r p o r a t i n g  a l i g h t  wash on t h e  r o t a r y  vacuum 
f i l t e r  in P l a n t  8 .  

OOOOQS 
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4 .  Another important reason for above-grade s t o r a g e  
is the r e l a t i v e  e a s e  and c o s t  o f  " r e t i r e m e n t "  o f  
t h e  f a c i l i t y  i n  comparison with below-grade p i t  
s t o r a g e .  I v i e u a l i z e  r e t i r e m e n t  o f  an above-grade 
e t o r a g e  f a c i l i t y  as  r e q u s r l n g  a r e l a t i v e l y  s m a l l  
amount o f  grading t o  produce a smooth compacted 

t h i n  l a y e r  o f  bituminous m a t e r i a l  a s  v a t e r p r o o f i n g  
t o  prevent  s i g n i f i c a n t  p e n e t r a t i o n  o f  r a i n w a t e r  
I n t o  and through the s t o r e d  solida. Then i t  c o u l d  
be covered over with ear.th and p l a n t e d  w i t h  a hardy 
s t r a i n  of g r a s s  o r  veg3tatioa to p r e v e n t  e r o s i o n .  

I cone o r  dome. I t  w o u l d  then be covered w i t h  a 

I do n o t  know how Pit 5 i s  to be " r e t i r e d , "  b u t  
it i e  o b v i o u s  t h a t  i t  w i l l  be an e x p e n s i v e ,  drawn- 
o u t ,  p r o p o s i t i o n !  aetirement of P f t  3 appeare t o  
be l e s s  d i f f i c u l t  s imply  b e c a u s e  t h e  m a t e r i a l  i n  i t  
h a e  been dewatered to a h i g h e r  d e g r e e  than t h a t  i n  
Pit 5 .  N e v e r t h e l e s s ,  I question t h a t  a d e q u a t e  
ground s t a b i l i t y  w i l l  ever be a t t a i n e d  a f t e r  t h e  
e n t i r e  p i t  is c o v e r e d  o v e r  w i t h  a l a y e r  o f  aeh and 
e a r t h  a n d  when i t  l e  no longer p o e s i b l e  t o  pump 
d r a i n a g e  w a t e r  from ita s o u t h  end. 

ABOVE-GUDB STORAGE: 

1 .  Bmplacement o f  the F i l t a r  Cake 

The f i l t e r  c a k e  produced i n  P l a n t  8 on t h e  O l i v e r  
r o t a r y  vaetaum f i l t e r  has t h e  c o n e i 8 t e n c y  o f  a 
h e a v y  o l i o y  p a e t e .  It  w i l l  p i l a  up w i t h  a high 
anglo o f  r e p o s e ,  but vhen it is unloaded from 8 
dump t r u c k  i n t o  a t r e n c h ,  it s l i d e 8  from the t i l t e d  
bed i q  a sudden rueh atd spreads o u t  c o n a l d e r a b l y  
a b  it h i t s  t h e  ground w i t h  a big s p l a t t e r .  This  
i s  not  much o f  a problem when t h e  m a t e r f a l  i s  
being dumped i n t o  a below-grade p i t ,  b u t  for 
s t o r a g e  above g r a d e .  it becomes neceeeary t o  be 
a b l e  t o  emplace t h e  m a t e r i a l  t o  a depth o f  a b o u t  
6 f e e t ,  and s i m p l e  dumping from a t r u c k  cannot  
accompliah-th-iaT"-- If t h e " m a t e r l a 1  is-dumped- on-- - -- - - 
f l a t  ground, t h e  k i n e t i c  energy developed from t h e  

000006 
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P a g e  5 

sudden f a l l  o f  s e v e r a l  f e e t  w i l l  probably  spread 
the m a t e r i a l  t o  a depth o f  a b o u t  a f o o t  and v o u l d  
i n u n d a t e  t h e  r e a r  wheels o f  t h e  dump t r u c k .  How 
then can t h e  f i l t e r  cake b e  piled t o  a depth o f  
6 f e e t  in a n e a t l y  contoured fashion? I h a v e  
attempted t o  i l l u s t r a t e  i n  a s e r i e s  o f  s k e t c h e s  
how I t h i n k  the m a t e r i a l  can be handled.  Near 
one end o f  t h e  r a i s e d  s t o r a g e  a r e a  two c i r c u l a r ,  
d i k e d ,  c a t c h  basins about 30 f e e t  in diameter a r e  
b u l l d o z e d  up v i t h  t h e  d i k e  walls r s i s e d  about 
3 f e e t  above the l e v e l  s u r f a c e ,  A r a i s e d  ramp 
o f  e a r t h  l e a d s  i n t o  each c a t c h  b a s i n ,  and t h e  
t r u c k 6  a r e  backed u p  o n t o  t h e s e  ramps, which are  
a t  the h e i g h t  o f  t h e  d i k e  walls, f o r  dumping. A 
mobile  c r a n e  v i t h  c l a m s h e l l  i s  then used t o  p i c k  
up the f i l t e r  cake f r o n  t h e  c a t c h  b a s i n s  and p l a c e  
I t  n e a t l y  t o  a depth o f  s i x  f e e t  i n  the a r e a  
a d j a c e n t  t o  t h e  c a t c h  basins. Wher t 5 e  p i l e d  
m a t e r i a l  encroaches t D o  c l o s e l y  on t h e  tvo c a t c h  
b a s i n s ,  a n o t h e r  s e t  of perhaps t h r e e  b a s i n 8  a r e  
prepared a s  shova in the s e c o n d  sketch, and :he 
f i r s t  two a r e  l e v e l e d .  Piling continues around 
t h e s e  new c a t c h  b a s i n s  u n t i l  t h e y  too a r e  en- 
croached upon t o o  c l 0 8 0 , l y .  F i n a l l y ,  a s i n g l e  
b a s i n  i s  c o n s t r u c t e d  a s  shown i n  the t h i r d  s k e t c h .  
I t  i e  l o c a t e d  a t  the e d g e  o f  the s t o r a g e  a r e a  near 
the p o i n t  where the acceas road j o i u s  the r a i s e d  
e toragc  a r e a .  P i l t e i  cake i s  d i s t r i b u t e d  from 
t h i s  f i n a l  d r y i n g  b a s i n  t o  t h e  20ne p r e v i o u s l y  
o c c u p i e d  by the s e t  o f  t h r e e  basins shown in t h e  
second s k e t c h .  

Dewatering and Drying o i  S t o r e d  F i l t e r  Cake 

The filtered l i m e - n e u t r a l i z e d  f i l t e r  cake from the 
P l a n t  8 r o t a r y  vacuum filter s t i l l  c o n t a i n s  a v e r y  
l a r g e  v a t e r  c o n t e n t  a f t e r  f i l t r a t l a n .  A d r y i n g  
t e a t  on a sample o f  the c a k e  i n d i c a t e d  a d r i e d  
s o l i d s  c o n t e n t  o f  about 3 0 . 8  w e i g h t  p e r c e n t  when 
d r y i n g  was completed under a h e a t  lamp. The 
d e n s i t y  o f  t h e  i n i t i a l  2 a s t y  n a t e r i a l  vas measured 
as 71,7 pounds per c u b i c  -foot- and the materLal--- 
v i 1 1  c o n t a i n  about 4 9 . 6  pounds o f  e v a p o r a b l e  water  
per cubic foot. A colunn o f  t h e  s t o r e d  m a t e r i a l  

1 
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s i x  f e e t  high with an exposed t o p  surface area o f  
o n e  square f o o t  would weigh about  6 x 7 2  0 4 3 2  
pounds i n i t i a l l y  and v o u l d  c o n t a i n  about 2 9 8  
pounds o f  e v a p o r a b l e  w a t e r .  Tire l a b o r a t o r y  dry- 
i n g  experiment i n d i c a t e d  t h a t  the m a t e r i a l  v o u l d  
s t i f f e n  s u f f i c i e n t l y  a f t e r  a weight l o s s  o f  about  
2 0 %  so t h a t  a man c o u l d  .walk on the a a t e r i a l  
w i t h o u t  hie f e e t  sinking i n t o  i t .  T h i s  trane-  
l a t e s  t o  a d r y i n g  l o s s  of 14.4 pounds o f  w a t e r  
per c u b i c  f o o t  or 6 x . 1 4 . 4  = 8 6 . 4  pounds o f  w a t e r  
p e r  square f o o t  o f  a r e a  .covered b y  the m a t e r i a l .  
I t  is equivalent t o  t h e  e v a p o r a t i o n  o f  a d e p t h  
o f  f r e e  water o f  1 3 . 9  inches. It v a s  a l s o  esti- 
mated t h a t  a d r y i n g  loss o f  35 w e i g h t  p e r c e n t  
would render tne m a t e r i a l  d r y  enough t o  support  
heavy equipment. This t r a n s l a t e s  t o  a w a t e r  r e -  
moval o f  2 5 . 2  pounde o f  v a t e r  per c u b i c  f o o t  o r  
1 5 1  pounds v a t e r  per s q u a r e  f o o t  o f  a r e a  c o v e r e d  
by t h e  m a t e r i a l ,  or a d e p t h  o f  2 4 . 2  Inches o f  f r e e  
v a t e r .  

I 

A n  evaporation e q u l v a l e n f  t o  24 inchea o f  w a t e r  
d e p t h  is just about t h e  amount o f  n e t  e v a p o r a t i o n  
I have e s t i n a t e d  should b e  possible d u r i n g  t h e  
f i v e  h o t t e s t  months o f  o n e  year. By . n e t "  
e v a p o r a t i o n  i s  meant the d i f f e r e n c e  betveen l o s s  
o f  w a t e r  brought about by e o l a r  h e a t  i n p u t  and 
conwectiwe a i r  d r y i n g  l e s s  t h e  gain o f  w a t e r  from 
r a l n f  a i l .  

P i l i n g  o f  the f i l t e r  cake onto the s t o r a g e  a r e a  
oust b e  conducted o n  9 year-round almost d a i l y  
basie. On the  a v e r a g e ,  i t  ia estimated that 
about  33 cubic y a r d s  o f  cake must be p i l e d  e a c h  
o p e r a t i n g  day which would c o v e r  an area o f  1 5 0  
square f e e t  t o  a depth o f  s i x  f e e t .  During t h e  
c o l d e r  eeven months o f  t n e  year vhea t h e r e  would 
be p r a c t i c a l l y  no n e t  e v a p o r a t i o n  d r y i n g  o f  t h e  
cake, it i s  proposed t o  c o v e r  the s t o r e d  m a t e r i a l  
with p l a s t i c  e h e e t i n g  in such a way t h a t  most o f  
t h e  p r e c i p i t a t i o n  f a l l i n g  o n  the m a t e r i a l  w i l l  be 

- ._  d r a i n e d  o f f  t o  - t h e , e i d e s .  -. - - _ -  

. 
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Numerous e v a p o r a t i v e  drying t e s t s  in the l a b o r a t o r y  
uith P i t  5 f i l t e r e d  s l u d g e  and Plant 8 f i l t e r  cake 
have shown t h a t  w a t e r  removal proceeds a t  a n e a r l y  
c o n s t a n t  r a t e  p e r  square f o o t  o f  exposed d r y i n g  
s u r f a c e  u n t i l  a l a r g e  p e r c e n t a g e  o f  t h e  t o t a l  
m o i s t u r e  is removed.  As. d r y i n g  proceede,  t h e  
exposed s u r f a c e  remains s a t u r a t e d  as t h e  water  
d i f f u s e s  t o  t h e  s u r f a c e .  The evaporation r a t e  
i s  t h e r e f o r e  v e r y  much t h e  same as t h a t  e x p e c t e d  
from a free w a t e r  s u r f a c e .  A n z c e s s a r y  consequence 
o f  t h i s  t y p e  o f  d r y i n g  1 8  t h a t  t h e  m a t e r i a l  s h r i n k s  
i o  volume and t h e  shrink.8ge volume d e c r e a e e  w i l l  
n e a r l y  e q u a l  t h e  volume o f  v a t e r  lost by evapora- 
t i o n  u n t i l  the f i n a l  s t a g e s  o f  d r y i n g  are reached.  
T h e  t o t a l  s h r i n k a g e  is very g r e a t .  T h e  sample o f  
P l a n t  8 f i l t e r  cake s t u d i e d  in the d r y i n g  t e s t  re-  
f e r r e d  t o  p r e v i o u s l y  shrank t o  a final volume o f  
o n l y  41% o f  that o f  the wet f i l t e r  c a k e .  Final 
d r y  d e n s i t y  v a s  5 4  pounds per c u b i c  f o o t .  Most o f  
t h e  volume d e c r e a s e  w i l l .  have taken p l a c e  by the 
time t h a t  a p p r o x i m a t e l y  60%; o f  t h e  w a t e r  has been 
removed b y  e v a p o r a t i o n .  A d d i t i o n  o f  water  t o  the 
p a r t i a l l y  o r  f u l l y  d r i e d . m a t e r i a 1  doas  not  r e s u l t  
in a p p r e c i a b l e  s w e l l i n g  o r  d e c r e p i t a t i o n .  In 
o t h e r  words,  t h e  shrinkage i s  i r r e v e r s i b l e .  The 
f u l l y  d r i e d  s o l i d s  a r e  p ~ r o u s  a8 1 8  evident  from 
t h e  lov bulk density o f  only 5 4  ~ O U E ~ S  per c u b i c  
f o o t ,  and t h e  m a t e r i a l  w i l l  reimbibe a r e l a t i v e l y  
l a r g e  amount o f  w a t e r  r e a d i l y  t o  f i l l  the vacant 
p o r e s .  A 8  an example, 8 sample o f  f u l l y  d r i e d  
Pit 5 s l u d g e  h a v i n g  a density o f  52 pounds per 
cubic foot i n c r e a s e d  i n  w e i g h t  7 2 %  whea i t  was 
1mmere.d i n  w a t e r ,  b u t  i.t d i d  n o t  w e l l  n o t f c a a b l p .  
The v e l g h t  o f  vate 'r  h e l d  by r e i m b i b i n g  vas only 
3 9 %  o f  t h a t  o r i g i n a l l y  h e l d  i n  t h e  well-drafned, 
p r e s s e d ,  f i l t e r  c a k e .  

In above-ground  tora age, t h e  i n t e n t i o n  Is t o  d r y  
t h e  s t o r e d  m a t e r i a l  as t h o r o u g h l y  a s  proves  prac- 
t i c a l  under outdoor c o n d i t i o n s .  The g o a l  would b e  
t o  e v a p o r a t e  approximately  _60-% o f  the moisture -a c 

s i n c e  t h i s  would l e a v e  t h e  m a t e r i a l  in a v e r y  
firm condition and w i l l  have accompllehed most of 
t h e  s h r i n k a g e .  To accomplish this d e g r e e  o f  

- -_ ..__ 
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moisture removal ,  Cke aateiial w i l l  have t o  5 e  
exposed to t v o  s u m e x :  s e a s o n s  af h o t  weather  
from s a y  Xay 1 co  So-pt+iEer 3 9 .  Th-n it should 
b e  c o v e r e d  o'rer v i t h  Tlastic j h a e t i n e  t o  petsit 
d r a i n i n g  off most 3 :  the 2 r c c l ~ t t a t i o n  which 
would f a l l  o n  it in t h e  c o l d e r   even months o f  
;he y e a r .  F i n a l  iTetirh-z.92t nay consist o f  b u l l -  
d o z i n g  the m a t e r i a l  izto a Pore s t e e p l y  s l o p e d  
dome, compacting,  c o a t i n g  v i t h  a t h i n  layer o f  
a s p h a l t  t o  minimize rainwater percolation, 
c o v e r i n g  v i t h  t o p s o i l ,  and p l a n t i n g  w i t h  grass. 

A s  i n d i c a t e d  p r e v i o i s l g ,  i f  t h z  2 m.;.llioa g a l -  
lons o f  f i l t z r  c a k e  wzrz C r i e d  to 22ar maxinum 
d e n s i t y ,  ~ h a  + o l u ~ : a  41,ut~ 5 r  - - r l - - - -  - - . . L - * ?  5 9 z  Ct t o  
about 110,000 c u b i c  f e ? t .  If this volume is 

height a t  t h e  center wo?lld l e  2 4  f e e t  and the 
diameter of the b a s e  v o u l d  b e  i b o u t  132 f e e t .  
The area covered b y  the b a s e  would b e  0 . 3 1  a c r e .  
P I l i E g  in this manuhi' ;-ouiC: a r s a r l y  reduce the 
area of  l a n d  covered 5y  the material, laeeen the 
a r e a  over v h t c h  asphalt ; z z i t e r p r o o f i n g  io re-  
q u i r e d ,  and iJoc2.d 256.  i" rrnlr+.ding better run- 
off o f  p r e c i p i t a t i o n .  

I t  may be o f  i n t e r e s t  to e a t i n a t e  what storage 
volume would be n e c e s s a r y  i f  the 20 m i l l i o n  g a l -  
l o n s  of P i t  5 m a t e r i a l ,  b a v i n g  a n  estimated a o l i d s  
c o n t e n t o f  12 veight p e r c e n t ,  were s i m i l a r l y  s t o r e d  
in a partially dried stata. The total volume o f  
s t o r e d  solids would then b e  a b o u t  four times that 
r e e u l t i n g  froa the 2 m i l l i o n  g a l l o n s  o f  P l a n t  8 
filter cake c o n t a i n i n g  31 w e i g h t  percent  s o l i d s .  
-This c o u l d  b e  s t o r e d  in a 20" s l o p e d  cone having a 
h e i g h t  o f  38 f e e t ,  a b a s e  diameter o f  2 1 0  f e e t ,  and 
a base a r e a  of  0 . 8 0  acre. ( A c t u a l l y ,  the peak o f  
the cone would be f l a t t e n e d  s o  t h a t  the c e n t e r  
height might be about 30-35  feet.) 

_ -  

b u l l d o z e d  up into a c o n e  w i t h  2 0 "  s l o p e ,  the 6 
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3. L e a c h i n g  C o n s i d e r a t i o n s  

The s t o r a g e  method o u t l i n e d  a b o v e  s h o u l d  r e d u c e  
t o  a minimum t h e  l o s s  o f  w a t e r - l e a c h a b l e  con- 
taminants t o  t h e  e n v i r o n m e n t .  T h i s  I s  d o n e  by  
r e d u c i n g  the flow o f  p e r c o l a t i o n  water t h r o u g h  
t h e  s t o r e d  m a t e r i a l  t o  an a b s o l u t e  minimum. I n  
b e l o v - g r a d e  p i t  s t o r a g e  where  a t  l e a s t  a p o r t i o n  
of t h e  m a t e r i a l  is b e l o v  t h e  s u r r o u n d i n g  sub-  
s u r f a c e  v a t e r  t a b l e ,  and where t h e  g round  s u r f a c e  
h a s  n o t  b e e n  s e a l e d  a g a i n s t  r a i n w a t e r  p e r c o l a t i n g  
d o v n v a r d s ,  t h e r e  must  be. a b a l a n c i n g  f l o w  of 
water t h r o u g h  t h e  s t o r e d . a a t e r i a 1  a n d  i n t o  t h e  
s u b s u r f a c e  watzr t a b l e .  S i n c e  no c h e m i c a l  compound 
o r  a d s o r b e d  c o n t a m i n a n t  is c o m p l e t e l y  i n s o l u b l e ,  
t h e r e  mus t  be a t  l e a s t  a g r a d u a l  s u b s u r f a c e  s p r e a d  
of t h e  c o n t a m i n a n t s .  

The s t o r a g e  o f  s o l i d  wastes c o n t a i n i n g  r a d i o a c t i v e  
s p e c i e s  h a s  b e e n  h e a v i l y  r e s e a r c h e d  a t  numerout3 
AEC f a c i l i t i e s .  The t e c h n i c a l  a p p r o a c h  t a k e n  has 
a l w a y s  b e e n  (1) c o n s o l i d a t i o n  of t h e  waste i n t o  
t h e  sma l l e s t  p r a c t i c a l  volume by  me thods  s u c h  as 
e v a p o r a t i o n  or c a l c i n a t i o n  ( 2 )  e n c a p s u l a t i o n  t o  
res is t  p h y s i c a l  d e t e r i o r a t i o n  as by c a s t i n g  in 
c o n c r e t e  o r  v i t r i f i c a t i o n  o n  c l a y s ,  a n d  ( 3 )  
s t o r a g e  I n  g e o l o g i c a l  f o r m a t i a q e  which p r e c l u d e  
c o n t a c t  o f  the s t o r e d  m a t e r i a l  w i t h  water as by 
s t o r a g e  i n  u n d e r g r o u n d  s a l t  f o r m a t i o n s .  I b e l i e v e  
t h e  p r o p o s e d  a b o v e - g r a d e  s t o r a g e  embod ies  t h e s e  
g e n e r a l  p r i n c i p l e s  t o  a h i g h  d 8 g r e e  a n d  i s  
p r e f e r a b l e  t o  t h e  method which  h a s  b e e n  p r a c t i c e d  
a t  t h i s  s i t e .  

000011 
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CONTROL OF E R O S I O N  S P R E A D  OF F I L T E R  CAKE S O L I D S  

During t h e  summer a o n t h s  when t h e  p i l e d  f i l t e r  cake i s  
not c o v e r e d  w i t h  p l a e t L c  sheeting, oile nay have t o  
c o n e i d e r  t h e  e f f e c t  pzoduced by a heavy n g u l l y  washer" 
r a i n  which may dump a s  much a s  2 o r  3 i n c h e s  o f  r a i n -  
f a l l  o n t o  t h e  o t o r a g e  a r e a  w i t h i n  a n  hour o r  t w o .  
Some o f  t h e  water would s o a k  into the f i l t e r  cake,  and 
much o f  i t  would be entrapped in s h a l l o w  p o o l s  on top 
o f  t h e  s t o r e d  m a t e r i a l  where i t  w i l l  e v e n t u a l l y  soak 
i n t o  the c a k e  or remain until i t  i s  evaporated l a t e r .  
Also, some f r a c t i o n  o f  t h e  w a t e r  w i l l  flov o f f  the mate- 
r i a l  a t  t h e  perimeter o f  t h e  s t o r a g e  a r e a .  T h i s  w a t e r  
v i 1 1  e n t r a i n  some solids in s u s p e n s i o n  and tend t o  carry 
t h e s e  away from the s t o r a g e  area  a i d  i n t o  the d r a i n a g e  
frora the surrounding area. T h i s  spread o f  t h e  f i l t e r  
cake e o l i d s  i s  u n d e r i r a b l e  ana should be minimized. 
I b e l i e v e  t h i r  eroefon s p r e a d  o f  s o l i d s  can be p r a c t i c a l l y  
e l i m i n a t e d  by do3ng two things. F i r 8 t ,  b y  p i l i n g  up the 
f i l t e r  cake a f e v  i n c h e s  h i g h e r  around t h e  periphery o f  
t h e  b e d ,  t h e  r a i n f a l l  can b e  trapped w i t h i n  the s h a l l o v  
d i k e  formed by t h e  cake so t h a t  i t  cannot r u n  off 
c a r r y i n g  s o l i d s  w i t h  it. Se -.ondly, r a i n f a l l  running 
dovn the s l o p e s  a t  the perimeter o f  tha s t o r e d  s o l i d s  
c o u l d  be trapped in d i t c h i n g  formed by p i l i n g  porous 
sand around the p e r i p h e r y  o f  t h e  s t o r e d  cake as shown i n  
S k a t c h  No. 3 .  Tha d r a i n a g e  c a r r y i n g  rome e o l i d s  i s  
trapped b r i e f l y  i n  t h e  d i t c h e d  d e p r e s s i o n  b u t  the w a t e r  
q u i c k l y  eoaks i n t o  t h e  sand l e a v i n g  t h e  e o l i d e  f i l t e r e d  
on the sand. 

When the d r y i n g  ieason i s  o v e r  and t h e  s t o r e d  solids 
a r e  t o  be covered w i t h  plastic s h e e t i n g ,  i t  w i l l  b e  nec- 
e s e a r y  t o  l a v e 1  the s h a 1 l o w  dike around t h e  periphery o f  
the s t o r e d  f i l t e r  cake so t h a t  d r a i n a g e  avay o f  t h e  
p r e c i p i t a t i o n  f a l l i n g  on top o f  t h e  covered area i s  no 
longer h i n d e r e d .  
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IMPLEMENTATION OF THE CAKE STORAGZ SCHEME 

I do not  b e l i e v e  the above-grade s t o r a g e  scheme o u t -  
l i n e d  in this l e t t e r  requires any f u r t h e r  time-consumicg 
development,  b u t  s h o u l d  be d i r e c t l y  committed t o  f u l l -  
s c a l e  p r a c t i c e .  To g e t  s t a r t e d ,  I v o u l d  survey t h e  a r e a  
where t h e  s t o r a g e  p l o t  is t o  b e  p l a c e d  and b e g i n  t h e  
g r a d i n g  v o r k .  The v h o l e  a r e a  need n o t  b e  graded 
immediately,  b u t  o n l y  t h e  southern t h i r d  o f  t h e  above- 
3rade s t o r a g e  area a i l d  a c c e s s  roadway n e e d  be b u l l d o z e d  
u p ,  compacted and l a y e r e d  k i t h  a s h .  Then cake p i l i n g  
c o u l d  b e  begun as shown in S k e t c h  No. 1 .  We can then 
evaluate  the d e t a i l s  o f  operatin,: t e c h n i q u e  under f u l l y  
r e a l i s t i c  condi t ions .  For example, we may w i s h  t o  t e s t  
o u t  the procedure for laying down l a r g e  s e c t i o n s  of  
p l a s t i c  s h e e t i n g  o v e r  :h= m a t e r i a l  w h e n ' i t  is s t i l l  v e t  
t o  see i f  t h e r e  a r e  any I n s u p e r a b l e  d i f f i c u l t i e s .  We 
can a l s o  s t u d y  the d r y i n g  r a t e  o f  t h e  p i l e d  f i l t e r  cake 
t o  determine how well t h i s  agree6 w i t h  e s t i m a t e s  based 
on c a l c u l a t i o n 8  from d r y i n g  t h e o r y .  

If a t  any tine, t h e  scheme proves  t o  be i n p r a c t i c a l ,  
very l i t t l e  has been l o s t .  The f i l t e r  cake c a n  be re- 
loaded into t r u c k s  and dumped into P i t  3 ( i f  some s p a c e  
is s t i l l  a v a i l a b l e )  o r  r e t u r n e d  f o  P i t  5 .  
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